Abstract. The interaction of temporal phenotypic heterogeneity with a population level fitness function was explored through the use of a simple model. The model, based upon experimental data, assumes that the exploitation of pollinators, and seed-set within plant populations are dependent upon the frequency of a pink flower morph in populations composed of pink and white morphs. An increase in pink frequency is accompanied by an increase in seed-set for both morphs. The model also assumes that seed-set within a population is the same for pink and white individuals. In perennials and annuals with long-lived seeds, fluctuations in morph balance from one season to another may lead to reproductive pulses or drags, depending upon which morph was in excess. The reproductive differential which stems from different levels of pollinator service leads to an increase in pink frequency and an attendant fitness gain. The perennial habit and long-lived seeds provide a population with a memory which permits the current population image to compete with images of previous years. As a consequence, fitness gains may be achieved in the absence of interplant or interpopulation selection.
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A fundamental concept of evolutionary theory is that selection can operate only in the presence of genetically based phenotypic heterogeneity. Phenotypic heterogeneity, when viewed as a substrate for selection, typically is conceived in a spatial sense, i.e., within or between populations at a given time. Phenotypic heterogeneity also may be temporal. However, little consideration has been given to this form of variation as a field for selection.
A recent study of populational fitness in Phlox pilosal provides the basis for a scheme in which temporal phenotypic heterogeneity alone may provide the substrate for selection. Since our views were shaped by this study, a summary is a desirable prelude to the development of our theme. In brief, P. pilosa exhibits a pink and a white corolla morph that is genetically distinct, but whose mode of inheritance is unknown because of difficulty in germinating seed. The white morph is absent or rare except in populations where the species is subject to disruptive gene flow from a related species. In these populations the white morph is the sole or prevalent form. Its advantage lies in the reinforcement of a previously existing ethological barrier which, by aiding insect discrimination of In some years there may be a random deviation favoring the pink phase, while in other years the deviation may favor the white. In a season when pink happened to be in excess, the fertility of the population would be higher than in a season where the true balance was represented or especially where white was in excess. Thus, chance deviations can lead to a fertility differential, a pink excess generating a reproductive "pulse" with pink benefitting disproportionately, and a white excess a reproductive "drag" with white suffering disproportionately. This in turn will alter the balance in the seed pool in favor of pink. Thus it is possible to alter the structure of a population and increase its fitness by populational selection alone and with only one population involved. The effect, however, is identical to that achieved by individual selection.
We are suggesting that the reproductive success of a population in a given year must be considered in relation to successes of previous years if the system has a memory. In plants this memory may be in the form of the perennial habitat with long and overlapping generations, or in the form of a seed pool, a fraction of which may remain dormant for several years before it germinates. The memory permits past reproductive flushes to be reflected in the phase balance of today.
Models. The models discussed below were suggested by relationships revealed in the Phlox study. However, they were not designed to specifically simulate populational phenomena in Phlox. They were constructed to understand more fully the dynamics of population change founded upon temporal heterogeneity and the importance of the components which relate to and interact in the system. Two models designated annual and perennial will be considered. The annual model is based upon the phenomenon of genetic drift. Temporal variance in this model comes from error in drawing recruits from the seed pool. The perennial model is an ecological model in the sense that no genetic alteration is neces-sary to provide temporal variance. The variance is provided by errors in drawing flowering individuals from the standing crop. Each model has a random version and a deterministic version, the latter employing equal deviations from base values (Fig. 1) 7. The population fitness function is a linear function 0.36 + 0.4 X pink frequency). This regression approximates the relationship found in P. pilosa.
8. The seed pool contains 3000 seeds and is constant in size. 9. All seeds in the pool are regarded as equal, regardless of age differences. The loss of seed from the pool is exactly counterbalanced by the production of new seed in any simulated year.
10. The number of plants flowering in any year is 25. The relatively small input of seed each year into a large seed pool means that individuals spend a substantial fraction of their lives in the seed pool, lengthening mean generation span to about 3 years for annuals and 7 years for perennials.
11. The longevity of a perennial plant is 5 years. 12. All random sampling is from populations large compared to the sample size.
13. Phase balance fluctuates only within the limits 0.01-99.99%. This constraint approximates the situation in P. pilosa and insures a dynamic, rather than fixed, population history. Populations approaching fixation are reset to the nea'rer of the limits.
14. The random events supplying temporal heterogeneity are normally distributed with unit standard deviation. We believe that is a conservative assumption and that populations in nature experience far more violent swings in such factors as number flowering, colony size, productivity, and phase balance. Actual sampling is not by selection of individuals. Instead, a standard error is generated via the relationship (pq/n)'/' = SE where p and q are, respectively, the proportion pink and white phases in the population component (seed pool or vegetative plants) used as a base for the sampling process and n is the preassigned sample size or a random deviate from mean sample size. The standard error is then multiplied by a pseudorandom number drawn from a normal distribution with variance one, and the quotient added to p to form the random normal deviate from the population component value. In "deterministic" versions of the simulator, the average deviation of the standardized normal distribution (= 0.675) is used in place of pseudorandom number, its sign changing each simulated year.
Discussion. The interaction of temporal heterogeneity in phenotypic balance with the population level fitness function leads on the average to a pronounced increase in the fitness of both annual (Fig. 2) and perennial (Fig. 3) populations. The improvement is associated with random deviations of the flowering crop from the standing crop (perennials) and with deviations of the seed recruits from the seed pool (annuals). The improvement is founded upon a selective differential established between reproductive episodes by the manner in which pollinators respond to different phase balances. The directed shift in phase balance is achieved in the absence of intermorph and interpopulation selection differentials. in 19 generations in annuals and 30 generations in perennials. For annuals this is equivalent to a selection coefficient of 0.057 for the white morph, and in perennials a selective coefficient of 0.035. Accordingly, in situations where the flowering crop is the same (these models), an annual population will profit more than a perennial when temporal heterogeneity is the selection substrate. The actual life histories of populations are simulated by the random versions of the models. They may be compared with the deterministic simulations in Figures  2 and 3 .
The coefficient of selection for the white is frequency-dependent. The highest coefficient is obtained in a population when pink and white frequencies are equal, for in this situation maximal deviation accrues. The coefficient of selection is proportional to the amount of deviation. As the phases become increasingly unbalanced, the variance diminishes as a consequence of the sampling process and with it the selection coefficient of white. It follows that the most rapid fitness gains will be made in populations exhibiting the two morphs in similar proportions. It also follows that the slowest fitness gains will be made in populations where the morphs are highly disproportionate. This may be an advantage or a disadvantage depending on which end of the fitness scale a population resides. If a population enjoys a relatively high fitness, assuming that monomorphic pink confers optimal fitness, it would be difficult to lose it by interaction of random processes and selection. If on the other hand a population enjoyed relatively low fitness, it would be difficult to improve it by that interaction. The relationship between high population fitness and ease of maintenance fades if the optimal population fitness is conferred by dimorphism. The closer the fitness peak was to morph equality the more difficult it would be to maintain a population high on that peak.
The slope of populational fitness increase is a function of the stochastic element in the system, be it annual or perennial. If a system is so constructed that little deviation is possible, then the fitness gain can only be small. Deviation in the perennial model would be damped if the flowering crop more closely approximated the standing crop. This could be accomplished if the size of the flowering crop was increased or if the size of the standing crop was diminished. In the case of the annuals, deviation in the seed recruits from the seed pool may be damped by increasing population size or reducing the size of the seed pool.
Adjusting these systems in the converse manner would increase the importance of the stochastic element and in turn steepen the slope of populational fitness gain.
As seen in the simulations of the random versions of the two models, the fitness gradient may be highly irregular. The degree to which fitness deviates from the expected or deterministic fitness position at a given point in time depends on the length of memory in the system. In the perennial model, the presence of 5-yr and overlapping life spans constitutes a memory. The memory in the annual model is generated by a seed pool which contains seed from a previous year. If the life span of the perennials and longevity of annual seed were increased without alternating other features of the systems, the fitness gradient would be refined. The longer the memory, the less disruptive would be the ef-fects of a short series of deviations in the same direction. As a buffering device, the memory limits the opportunity for very rapid fixation or loss of an expression. Perennials by virtue of their long overlapping generations are better buffered thait annuals.
The selection scheme under consideration applies to small populations and may take its sustenance from either genetic drift or "reproductive" drift. In its essentials, population level selection on temporal heterogeneity is a close analog to Sewall Wright's, individual level selection oni populations subject to sampling error. As such, it too operates in populations subjected to periodic stress, or occupying a marginal habitat, and in populatioIis which are small because of recent establishment, a crash, inability to exploit the habitat, or because the adaptive gestalt of the population favors few individuals. The scheme may enhance or detract from intrapopulation selection which may occur ill the same population, and in other ways interact with factors affecting the balance of morphs within a population.
The assumptions on which the models are founded accrue from actual data and conservative estimates of parameters in natural populations. These assumptions provide a framework upon which substantial fitness gains may be achieved. We suggest that temporal heterogeneity may be a more important substrate for populational selection than is heterogeneity in space. Temporal heterogeneity makes possible facile and economic fitness gains for an entire population system. Complex multipopulational interactions, aiid elimination and replacement of populations are not necessary. The scheme under consideration is related to plant-pollinator interactions, but with a few modifications may apply equally as well to certain predator-prey interactions or any system where there is a memory and where a response is evoked by a population image rather than by a single individual.
